A prospective study was undertaken to assess the diagnostic value and therapeutic usefulness of fibreoptic bronchoscopy in the critically ill. METHOD: Fifty-six bronchoscopies were performed in fifty patients. Biochemical, radiological, microbiological and clinical assessments were made before and after each procedure. RESULTS: Eighteen fibreoptic bronchoscopies were performed for therapeutic indications (32.1 %) of which ten (55.6%) yielded a useful outcome. Thirty-eight bronchoscopies were for diagnostic purposes (67.8%) of which 22 (57.9%) were clinically useful. Broncho-alveolar lavage was performed in twenty-eight cases (50%) and it led to a clinically useful diagnosis in 17 (60. 7%). There was no major complication. A subgroup of patients was defined (persistent left lower lobe collapse or consolidation following thoracic or abdominal surgery) in whom fibreoptic bronchoscopy usually did not yield a useful outcome. CONCLUSION: The use offibreoptic bronchoscopy in the Intensive Care Unit, in combination with the technique ofbronchoalveolar lavage, results in a clinically useful outcome in the majority of cases. Fibreoptic bronchoscopy is an effective and safe diagnostic and therapeutic tool in critically ill patients.
Since initial descriptions of its use in critically ill patients, 1-3 fibreoptic bronchoscopy (FOB) has been widely applied to the management of a number of situations in these patients. [4] [5] [6] [7] [8] [9] Despite growing clinical experience, no prospective study has addressed the issue of its diagnostic and therapeutic yield in a population of critically ill patients. In order to objectively and prospectively evaluate what constitutes an appropriate indication for its performance in the Intensive Care Unit (ICU) and to study its diagnostic and therapeutic value in critically ill patients, a twoyear prospective study of FOB in the ICU was performed.
METHODS
Data was prospectively collected on all critically ill patients undergoing fibreoptic bronchoscopy in the ICU of our institution (a tertiary hospital).
FOB was performed according to clinical indications, as judged by the managing critical care physician in conjunction with a respiratory physician. All FOBs were performed by an experienced bronchoscopist.
Data collected prior to the procedure included the patient's age, APACHE II score, the indication for the procedure, arterial blood gases and chest X-ray findings. All bronchoscopic findings were recorded.
Following the FOB, arterial blood gases were remeasured and recorded and a repeat chest X-ray performed within 24 hours of the procedure and re-assessed. Microbiological data was recorded where appropriate. All chest X-rays were assessed by the Radiological Service independently and Anaesthesia and Intensive Care. Vol. 10. No. 4. November, 1991 classified as either unchanged after FOB, improved or worsened.
The technique
All but three procedures were performed in intubated, mechanically ventilated patients. The three exceptions were in two patients receiving 60% oxygen via a Venturi mask. In these patients, the fibrescope was inserted via one of the side holes of the mask and then passed transnasally into the trachea.
In all intubated patients the fibrescope (5 mm diameter) was passed into the endotracheal tube (ETT) via a swivel connector (Portex, Kent, England). Before beginning FOB, all the following requirements had to be fulfilled:
(i) Continuous electrocardiographic and blood pressure monitoring; (ii) Continuous pulse oximetry; (iii) Haemoglobin saturation> 91 % on oximetry; (iv) Adequate sedation (midazolam or morphine were used); (v) Hemodynamic stability; (vi) Nurse available to assist bronchoscopist;
and, (vii) Administration of 100% oxygen for at least five minutes. The fibrescope was passed into the ETT and, once at the carina, was used for the installation of 2% lignocaine into both bronchial trees to diminish airways irritation and coughing. After adequate anaesthesia was achieved, a therapeutic or diagnostic FOB was performed.
Bronchoalveolar lavage was performed by the instillation of six 20 ml aliquots of sterile normal saline' into the segment of interest. This saline was retrieved as completely as possible by low suction (10-15 mmHg).
All specimens were sent for microbiological investigations as appropriate for the clinical situation.
In very ill patients with marginal degrees of oxygenation despite the application of PEEP and 100% FP2, and in whom bronchoscopy was felt to be vital for the recruitment of ventilatory units obstructed by clot or mucus, the procedure was performed as long as the Hb saturation could be kept at > 91 %. If Hb saturation fell below 91 %, the operator, alerted by the nurse, would withdraw the fibrescope and wait for improvement in oxygenation before reintroducing the instrument to complete the procedure.
A FOB was considered 'useful' if it yielded any of the following: or, (e) The exclusion of major suspected pathology.
RESULTS
Fifty-six bronchoscopies were performed in fifty critically ill patients with a mean APACHE 11 score of 23.4 (range 16 to 33). Of these, seventeen were females and thirty-three males with an overall mean age of 45.8 (range 17 to 76). The pre-FOB and post-FOB arterial blood gases are shown in Table 1 . Fifty-three procedures were performed during mechanical ventilation. Eighteen FOBs were performed with therapeutic intent. Of these, ten yielded a useful outcome (55.6%) and three unexpected microbiological diagnoses ( Table 2) . Thirty-eight were performed for diagnostic purposes and were clincally useful on twenty-two occasions ( Table 3) . Bronchoalveolar lavage was performed on twenty-eight occasions and only for diagnostic purposes. It yielded a clinically useful diagnosis in seventeen (60.7%) ( Table 4 ). The mean pre-FOB Pao2/Fj02 in these patients was 162.7 (95% Cl 132. 5-192.9 ) and the post-FOB value was 176.4 (95% Cl 134.9-217.9).Despite this overall lack of deterioration in oxygen exchange, seven patients (Table 5 ). In our series, the managing clinicians felt it worthwhile to investigate by FOB all patients with persistent left lower lobe collapse or consolidation with fever. This approach did not generally yield a useful outcome: of seventeen cases, eleven (64.7%) derived no benefit. Such lobar collapse had developed in association with recent thoracic or abdominal surgery in ten cases. In eight of these (90%), FOB was not beneficial. Oxygen saturation transiently fell in several patients during or just after the procedure but was never recorded below 90%. No fall greater than 10 mmHg in mean arterial pressure was recorded during or just after FOB. Only six patients had a rise in mean arterial pressure greater than 20 ~mHg in association with repeated coughing, but ill no patient was this clinically important.
One patient experienced a short period (approximately 15 minutes) of atrial flutter with a ventricular response rate of 140 beats/minute. This was not associated with hypotension and resolved spontaneously. No other complications were noted.
DISCUSSION
This study attempted to address a number of still poorly defined issues related to the use of FOB in critically ill patients, by prospectively analysing the clinical consequences of FOB as recommended by the managing clinicians. In this regard, it demonstrates a number of important points. First, FOB in the critically ill is a procedure associated with low morbidity. Second, it can be an effective therapeutic tool. Third, it is a useful diagnostic investigation. In particular, our study shows that bronchoalveolar lavage (BAL) can be safely performed in these patients and that, on most occasions, the lavage will yield a clinically useful diagnosis.
A number of comments are necessary. This study was performed entirely within the ICU, and FOB did not require patient transfer with its attendant complications.
N one of our patients had a transbronchial biopsy (TBBx). Given the already high diagnostic yield of BAL, it was felt that the addition of TBBx would significantly increase the risk of major complications,9,lo without any substantial diagnostic advantage. Objective information is at present not available to confirm this decision. Two-thirds of our FOBs were performed for diagnostic purposes and only one-third for therapeutic purposes. This approach differs from that of other investigators who have published retrospective experiences with higher rates of therapeutic FOBs. In our opinion, such rates varying from 47%,5 to 69%11 and 75%,2 indicate a very liberal application of FOB for the removal of bronchopulmonary secretions.
In all past studies, improvement was defined in radiological terms (not independently assessed), by physical examination findings (also not by independent observers) or by unspecified 'improvement' in oxygenation. In this study, on the other hand, the Pao2/Fj02 ratio was used as an objective measurement of oxygenation and significant improvement in the chest X-ray appearance was assessed independently. Despite its limitations, the Pao2/Fj02 ratio has been frequently used as a way of broadly assessing lung function and we feel it offers a useful and objective impression of favourable and unfavourable changes in pulmonary gas exchange. An improvement in oxygenation was considered significant only when the P a02/Fj02 rose by 30. In a typical ventilated patient on a Fj02 of 0.5, such improvement would lead to an increment in Pa02 from 70 mmHg to 85 mmHg. Using such relatively stringent criteria, IQ of 18 FOBs (55.5%) were therapeutically successful. Unfortunately, FOB has not yet been compared with chest physiotherapy in the management of atelectasis or lobar collapse in mechanically ventilated patients. The only randomised study available 8 included ventilated and nonventilated patients and showed no difference in outcome. More recently, however, very serious concerns have been raised about the value of chest physiotherapy in general I 2, 13 and about its possible deleterious effect in patients with pneumonia. 14 Such data also cause concern about excessive chest physiotherapy in the ICU and indirectly support our preference for FOB. We did not use the FOB for the purpose of intubation. Such therapeutic application of the FOB would be likely to increase the percentage of 'therapeutically successful' FOBs.
Our diagnostic yield was similar to that found in retrospective studies 5 and was obtained by BAL in 60.7%. In all cases, the findings of the BAL led to changes in antimicrobial therapy. In four cases, the organism isolated during BAL was later (24 to 48 hours) found in the endotracheal aspirate (Staphylococcus once, E. coli, Serratia once each) and may have triggered the same, although somewhat belated, change in management. In no cases was a BAL identified organism found on blood culture.
Anaesthesia and Intensive Care, Vol. 20, No. 4, November, 1992 An alternative FOB based technique available for the diagnosis of pneumonia is that of protected brush specimen (PBS). [15] [16] [17] Although this technique has its advocates, a number of problems limit its usefulness. It is more complex and time consuming to perform that BAL. It is also more expensive. Overzealous use of the brush has been associated with several instances of pneumothorax. 18, 19 Finally, it samples a much smaller portion of the lung parenchyma than the BAL. 6 A recent comparison ofBAL to PBS has shown BAL to be as specific as PBS but clearly more sensitive in the diagnosis of pneumonia. 2o This has led us and others to consider BAL the diagnostic technique of choice in mechanically ventilated patients.
No comment can be made on whether the greater diagnostic accuracy obtained with BAL led to an improvement in outcome. A control group of equally ill patients with suspected pneumonia randomly assigned to management without bronchoscopy would be needed. The consensus of intensive care and respiratory medicine specialists in our institution is that such a study would be unacceptable in view of the safety of BAL and the practical usefulness of a correct diagnosis in aiding patient management. It is also not possible to speculate with accuracy about the sensitivity or specificity of BAL: definite criteria have not been established for the diagnosis of pneumonia in these patients. Resolution or lack of resolution of a pulmonary infiltrate does not necessarily indicate that the choice of antibiotic therapy was appropriate, and all other tests (post mortem, needle aspiration, biopsy) have their limitations.
We may be criticised for listing a negative BAL in four patients suspected of having an opportunistic infection as a procedure with a 'useful' yield. In all such cases, however, pneumocystis carinii pneumonia was under consideration and its exclusion by means ofBAL was a true negative. The final diagnoses in each of these patients were vasculitis, cryptogenic fibrosing alveolitis, leukaemia and resolution of infection after erythromycin and ceftriaxone. Furthermore, published data from our institution 21 indicates an absence of false negative BALs in cases of suspected pneymocystosis. We believe, therefore, that our approach is justified.
Finally, BAL was found to be generally safe, although a number of patients (7 out of 28; 25%) experienced a significant (> 30) fall in Pao2/Fj02. One should therefore be cautious with its application to critically ill patients who are marginally oxygenated despite the use of PEEP and maximal levels of Fjo 2 . In these patients a possible concern is the effect of FOB induced PEEP and the danger of subsequent barotrauma. This possibility, however, has not yet been systematically studied. While the presence of the bronchoscope may theoretically increase the level of PEEP, the use of suctioning will decrease it. We do not routinely alter PEEP during FOB and would do so only if major changes in its level were noted in the ventilator display unit during the procedure.
Many clinicians at our institution believed that persistent left lower lobe collapse/consolidation and fever represented an indication for therapeutic and possibly diagnostic FOB. This study indicates that FOB, in this situation, has a low yield. In eleven of seventeen such cases (64.7%), the procedure did not achieve any therapeutic or diagnostic goal. Among those in whom such chest X-ray changes and associated fever had followed thoracic or abdominal surgery, eight of ten (80%) received no benefit from FOB and five often (50%) experienced a significant ( > 30) fall in Pao2/Fi02. Our findings, therefore, lend little support to the use of FOB in the management of post surgical left lower lobe collapse/consolidation with fever in mechanically ventilated patients. Unfortunately, these findings cannot be fully compared with those of others as all, and not just some, of our patients were mechanically ventilated at the time of the procedure. It is of interest, however, that a recent retrospective series from the Mayo Clinic 5 showed equally disappointing results. It has been argued that the presence of an air bronchogram indicating patency of the major airways and distal atelectasis should make one reluctant to perform a 'therapeutic' FOB.8 Our prospective study confirms this view and expands it by showing that a 'diagnostic' FOB in this setting is also unlikely to be useful.
This study, like others before, does not compare the application of FOB in a group of critically ill patients to a group of similarly ill patients with a similar potential indication for FOB managed without it. This is a significant omission which, unfortunately, is unlikely to be corrected in future studies. The knowledge that FOB is such a safe, virtually complication free procedure with a good therapeutic and diagnostic yield would, in our opinion, make it unacceptable to omit it from the possible treatment of a control group of critically ill patients.
In conclusion, this study prospectively establishes the likely therapeutic and diagnostic outcome of FOB in critically ill patients. It also confirms its safety profile, defines a group of patients unlikely to benefit from it and contributes to a firmer and more objective basis for its use in the ICU.
